Gibberella zeae causes Fusarium head blight (FHB) of wheat and barley and Gibberella ear rot (GER) of corn. Ascospores of G. zeae rely on atmospheric motion systems for transport to susceptible host plants. A long term objective of our research is to determine where inoculum for FHB and GER comes from and how far it travels. We measured the distance that ascospores of G. zeae were forcibly discharged in still air, and determined that long-range transport is favored by day-time ascospore release. We used remote-piloted aircraft to collect viable spores of G. zeae in the lower atmosphere. Viable spores of G. zeae were abundant in the lower atmosphere during all times of the day and night under a broad range of environmental conditions. Viable spores of G. zeae were deposited over wheat and corn fields mainly at random and predominantly at night. We used amplified fragment length polymorphisms (AFLPs) to characterize the genetic structure of atmospheric populations of G. zeae over multiple years. Genotypic diversity was high in the atmospheric populations of G. zeae, and nearly all of the isolates in each of the populations represented unique AFLP haplotypes. Diverse atmospheric populations of G. zeae are indicative of wellmixed sources of aerial inoculum, potentially originating from local and more distant sources. Introduced strains of G. zeae with altered virulence or mycotoxin profiles, moving over long distances, have the potential to spread rapidly into previously unexposed wheat and corn production regions.
Liberation of Ascospores
Liberation is influenced by various ecological and environmental factors that dictate the timing and mechanism of spore release. G. zeae overwinters in residues of corn and small grains (16) , and in the following spring and summer, perithecia emerge from these residues and forcibly discharge ascospores into the air (8) . We measured the distance that ascospores of G. zeae were forcibly discharged, and related this distance to the conditions necessary for transport into the atmosphere (10) . Ascospores were discharged distances less than 10 mm away from culture surfaces inside small glass chambers. Ascospores of G. zeae released during daylight hours have the potential to be transported over long distances in the atmosphere (10) .
Horizontal Transport
Horizontal transport is associated with the passive, directed movement away from the ground surface in turbulent air currents. The bulk of the literature suggests that most spores of G. zeae are dispersed only a short distance from a source (1, 2, 7, 17) . We demonstrated that viable spores of G. zeae may be transported long distances in the atmosphere (4). We used remote-piloted aircraft (Fig. 2) to measure the relative abundance of viable spores of G. zeae in the planetary boundary layer, 60 m above the surface of the earth (4). We collected a total of nearly 13,000 viable spores of G. zeae over 158 sampling flights in four consecutive years (1999) (2000) (2001) (2002) . Viable spores of G. zeae were abundant in the planetary boundary layer during every hour of the day and night. More viable spores were collected during cloudy conditions, than during clear or rainy conditions. Spores may survive longer in the atmosphere on cloudy days than on clear, sunny days (6) . Since viable spores of G. zeae were abundant in the planetary boundary layer under a broad range of meteorological conditions that are conducive for the infection of local wheat and corn, the role of long-distance transport of inoculum of G. zeae in regional epidemics of FHB and GER should be considered. 
Deposition of Viable Spores
Deposition involves descent and landing at a new destination. Little is known about the spatial and temporal dynamics of viable spore deposition of G. zeae within and above crop canopies. Viable, airborne spores of G. zeae were collected in rotational (lacking any apparent within-field inoculum sources of G. zeae) wheat and corn fields in New York in May through August over three years (2002) (2003) (2004) (9, 11, 12, 13) . Petri plates containing a Fusarium selective medium were placed in wheat and corn canopies and exposed to the atmosphere during day or night sample periods (Fig. 3) . These studies demonstrated that viable spore deposition in wheat and corn canopies occurred predominantly at night (9, 13) and almost entirely at random (11, 12) .
Genetic Structure of Atmospheric Populations
An increased understanding of the genetic structure of plant pathogen populations is a prerequisite to developing informed approaches to managing plant diseases (5) . Little is known about the genetic structure of atmospheric populations of G. zeae. We used a series of amplified fragment length polymorphism (AFLP) markers (18) to analyze the genetic structure of New York atmospheric populations of G. zeae over multiple years (14, 15) . Results from these studies demonstrated that genotypic diversity was high in each of the atmospheric populations of G. zeae, and nearly all of the isolates in each of the populations represented unique AFLP haplotypes. Sub-populations within the larger New York atmospheric populations maintained high levels of genotypic diversity over different temporal scales (isolates collected over consecutive calendar dates, during day and night sample periods, during two-hour sampling intervals throughout the night, and collected at different field locations in a similar year) (15) . The maintenance of high genetic diversity over time may be the result of the continued mixing of atmospheric inoculum sources of G. zeae, potentially from multiple origins over great geographic distances (14) .
Significance
Spores of G. zeae released during the day have the greatest chance of becoming airborne in turbulent air currents and transported great distances away from their source (10) . Viable spores of G. zeae may be transported over long distances in the planetary boundary layer of the atmosphere (4). Spore deposition of G. zeae in rotational wheat and corn fields occurred predominantly at night (9, 13) and mostly at random (11, 12) , indicative of well-mixed atmospheric populations. Our finding that spore release and spore deposition may be uncoupled in time, suggests that inoculum deposited in wheat and corn fields may have originated from distant sources. The high genetic diversity of atmospheric populations of G. zeae also suggests that inoculum in wheat and corn fields may have originated from multiple locations, and mixed over great geographic distances. The long-distance transport of G. zeae would suggest that the management of inoculum sources on a local scale, unless performed over extensive production areas, would be insufficient for the management of FHB and GER. Our findings suggest that introduced strains of G. zeae with altered virulence or mycotoxin profiles have the potential to spread rapidly into previously unexposed wheat and corn production regions.
